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http://dx.doi.org/10.1016/j.gmbhs.2Abstract Skin hyperpigmentation sometimes occurs on the face during pregnancy.
The production of melanin is regulated by genetic factors and simulated by environmental
and endocrine factors. However, there is little information about the correlation between
genetic variation and skin hyperpigmentation in Taiwanese populations. In the present study,
we measured the facial melanin values and analyzed the genotypes of single nucleotide poly-
morphisms (SNPs) from pregnant women at Fooyin University Hospital. Four SNPs (TYR
rs7129973, SLC45A2 rs26722, KITLG rs642742, and ESR2 rs1271572) were analyzed by poly-
merase chain reaction-restriction fragment length polymorphism (PCR-RFLP), and the melanin
values were measured by Mexameter. The results show that allele frequencies of the TYR
rs7129973 A allele, SLC45A2 rs26722 G allele, KITLG rs642742 A allele, and ESR2 rs1271572
T allele were 75.0%, 54.5%, 43.8%, and 42.0%, respectively. This is the first report about genetic
variation of melanogenesis in pregnant women from Taiwan. However, the association of SNPs
with skin hyperpigmentation needs further investigation.
Copyright ª 2012, Taiwan Genomic Medicine and Biomarker Society. Published by Elsevier
Taiwan LLC. All rights reserved.Medical Research, Fooyin University Hospital, Number 5, Jhongshan Road, Donggang Township,
l.com (F.-Y. Chung).
to this work.
an Genomic Medicine and Biomarker Society. Published by Elsevier Taiwan LLC. All rights reserved.
012.10.003
Distribution of melanogenesis-related SNPs 91Introduction
Melanin in the human skin is produced by melanocytes.1,2
Skin color variation in humans is not caused by a large
number of melanocytes or a higher distribution density of
melanocytes but by the regulation of melanogenesis.3 The
synthesis and storage of melanins occur within a specialized
organelle of the melanocyte called the melanosome.4 When
subjected to external stimulation (such as UV light) or
internal stimulation (such as hormones) of the skin, mela-
nogenesis will be activated and then melanin will be
released from the melanosome and transmitted into kera-
tinocytes. The major chemical substrate for the synthesis
of melanin is tyrosine, which is catalyzed by tyrosinase
(TYR) to b-3,4-dyhydroxyphenylalanine (DOPA) and then by
other enzymes [such as tryosinase-related protein 1
(TYRP1) and DOPAchrome tautomerase (DCT)] to eumelanin
and pheomelanin. Thus, eumelanin and pheomelanin are
the two key types of melanin pigments.5
During pregnancy, many women suffer from hyperpig-
mentation, which is commonly found on areas of the face
including the cheeks, upper lip, chin, and forehead, and is
referred to as melasma, chloasma, or the “mask of preg-
nancy” and appears as irregular, tan to dark brown pig-
mented spots. Previous studies have reported that these
pigmented spots are produced by increased melanin
deposition in the epidermis or dermis.6,7 The number of
melanocytes was not increased, but enlarged melanocytes,
increased formation of synapses, and the increased
production of melanin, especially eumelanin, were found in
patients with melasma.7 Previous findings have demon-
strated that increased estrogen, progesterone (proges-
terone), and melanin stimulating hormone (MSH) levels
during pregnancy are associated with the formation of
melasma.8 Branson et al9 observed that melanocytes
increase TYR activity but that cell proliferation was
reduced in response to b-estradiol stimulation.9 Kippen-
berger et al10 also demonstrated that sex hormones could
upregulate gene expression and enzymes (such as DCT or
TYR) required for melanin production.
In some previous studies, the prevalence of melasma
during pregnancy has been reported to be 50e70%, but
other studies have found that the prevalence rates of
melasma in Iran and Brazil were 15.8% and 10.7%, respec-
tively. Until now, research focusing on the prevalence of
melasma among pregnant Taiwanese women has not beenTable 1 Primer sequences and restriction enzymes.
Gene SNP Primer se
TYR rs7129973 A>G F-AACGTT
R-ACCTTG
SLC45A2 rs26722 G>A F-CATTGG
R-TGCATC
KITLG rs642742 A>G F-CTGTAA
R-AGCAAA
ESR2 rs1271572 T>G F-AAACAG
R-AGCTG
SNP Z single nucleotide polymorphism.reported.11,12 The major explanation for the variable
prevalence of melasma might be correlated to differences
in various ethnicities around the world. Variations in single
nucleotide polymorphisms (SNPs) may affect the regulation
of melanogenesis, leading to hyperpigmentation. In our
study, the allele distribution of melanogenesis-related SNPs
in pregnant Taiwanese women was identified, and there-
fore, the correlation between melanogenesis and SNPs can
be further explored.Materials and methods
Sample collection
Blood samples were collected from 56 pregnant women at
Fooyin University Hospital between November 2011 and
August 2012. Written informed consent was obtained from
each participant and/or her legal guardian, and the
hospital institutional review board approved the acquisition
of the samples and their subsequent use.
DNA isolation and genotyping
DNA was purified from the peripheral blood of pregnant
women using a QIAamp DNA Blood Mini Kit (Qiagen Inc.,
Valencia, CA, USA) according to the manufacturer’s
instructions. TYR rs7129973, SLC45A2 rs26722, KITLG
rs642742, and ESR2 rs1271572 were selected in this study. A
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method was used to detect the
frequency of the genotype. We also used the automated
sequencing approach to confirm PCR-RFLP results. The
sequences of PCR primers and restriction enzymes are
shown in Table 1. All primers were designed according to
a PCR primer selection program based on primer3 (v. 0.4.0)
(http://frodo.wi.mit.edu/).
Melanin analysis
Facial melanin was measured using the Mexameter (MX 18;
Courage and Khazaka Electronic GmbH, Cologne,
Germany). Measurements were obtained from two sites:
the right and left cheeks. Each site was measured three
times, and the mean value was then calculated.quences (50 to 30) Restriction enzyme
AGCTCCAATGCTAACATAC HpyCH4III
CTTCATCTTCTCTCTTGTA
TGCTCACTTTGTGTTT TaqI
TTTACCTGTTCAGCAT
AGTGGAAACTGGGACAC HpyAV
CCACATTTTCACATCTT
CTGAGGCTGGTACTGT BsaI
TTGCTGATGAAAATGAA
Table 3 Gene polymorphisms and population allele
frequencies.
Gene SNP Allele Frequency (%)
Taiwan CEUa HCBa JPTa
TYR rs7129973 (A>G) A 75.0 10.0 64.0 73.3
G 25.0 90.0 36.0 26.7
SLC45A2 rs26722 (G>A) A 45.5 0.4 40.7 37.2
G 54.5 99.6 59.3 62.8
KITLG rs642742 (A>G) A 43.8 17.3 27.9 12.8
G 56.2 82.7 72.1 87.2
ESR2 rs1271572 (T>G) T 42.0 41.4 29.5 37.8
G 58.0 58.6 70.5 62.2
SNP Z single nucleotide polymorphism.
a Hapmap population descriptors: CEU Z Utah residents with
ancestry from Northern and Western Europe; CHB Z Han
Chinese in Beijing, China; JPT Z Japanese in Tokyo, Japan.
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All data were analyzed using the Statistical Package for the
Social Sciences Version 14.0 (SPSS Inc., Chicago, IL, USA).
The Student t test was used for statistical analysis. A p
value <0.05 was considered statistically significant.
Results
We analyzed the genotypes of TYR rs7129973, SLC45A2
rs26722, KITLG rs642742, and ESR2 rs1271572 in pregnant
Taiwanese women. Data from a total of 56 pregnant women
were analyzed, and the results are shown in Table 2. The
distributions of the TYR rs7129973 A allele, SLC45A2
rs26722 G allele, KITLG rs642742 A allele, and ESR2
rs1271572 T allele were 75.0%, 54.5%, 43.8%, and 42.0%,
respectively. The comparison of allele frequency distribu-
tions of SNPs among Taiwanese women and populations in
other countries is shown in Table 3. The results show that
the allele frequencies of TYR rs7129973 were similar among
the Taiwanese and Japanese, the allele frequencies of
SLC45A2 rs26722 were similar among the Taiwanese and
Chinese, and the allele frequencies of ESR2 rs1271572 were
similar among the Taiwanese and Europeans. The genetic
polymorphisms were not significantly associated with skin
melanin values (data not shown).
Discussion
TYR, one of the most important enzymes for melanogen-
esis, can hydrolyze tyrosine and catalyze DOPA into DOP-
Aquinone. The genetic polymorphisms in the TYR gene have
been reported to be implicated in skin color variation.13
SLC45A2 encodes a transport protein that is involved in
melanin synthesis and is expressed at a high percentage in
melanoma cell lines.14 KITLG is the ligand of the tyrosine
kinase receptor required for melanin production. Genetic
variations of the KITLG are significantly associated with skin
and hair color.15 ESR2 encodes estrogen receptor-b protein,
which plays important roles in cell proliferation and the
reactions of melanin synthesis.16,17 We compared theTable 2 Allele frequencies of SNPs.
Gene SNP Genotype Frequency
Allele n Allele %
TYR rs7129973 (A>G) AA 33 A 75.0
AG 18 G 25.0
GG 5
SLC45A2 rs26722 (G>A) AA 11 A 45.5
AG 29 G 54.5
GG 16
KITLG rs642742 (A>G) AA 8 A 43.8
AG 33 G 56.2
GG 15
ESR2 rs1271572 (T>G) TT 10 T 42.0
TG 27 G 58.0
GG 19
SNP Z single nucleotide polymorphism.frequency distribution of SNPs in Taiwan with the distri-
butions in other areas, and the results showed that the
allele distributions of TYR rs7129973 and SLC45A2 rs26722
were similar among the Taiwanese, Japanese, and Chinese,
but not the Europeans. This difference could potentially be
the cause of variation in skin color between Asians and
Europeans. In contrast, the allele frequency of ESR2
rs1271572 was similar among the Taiwanese and Europeans.
In particular, the allele frequency of KITLG rs642742 among
the Taiwanese was shown to be very different from its
frequencies among the populations in the three other
areas. We further analyzed the correlation of melanin
levels in pregnant Taiwanese women and their genotype
analysis, but no significant result was observed. It is
possible, however, that our cohort size is too small to
provide significant evidence. This is the first report about
genetic variations in melanogenesis among pregnant
Taiwanese women. However, the association of genetic
polymorphisms with skin hyperpigmentation/melanin
synthesis needs further investigation.Acknowledgments
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